In the Part I of this work we show that Friedmann equations and the thermodynamical Gibbs-Duhem relation determine a general form of the Hubble function called Model E which predicts a dynamical Dark Energy and a dynamical Dark Matter with equations of state w 0 = −1 and w M = 0, respectively. We identify Dark Energy and Dark Matter with the Space. General theory of relativity asserts that the Space is gravitational fields. We propose the Space has a specific quantum strucrure: entangled Space quanta form Dark Energy, non-entangled ones form Dark Matter. We identify Dark Matter and Dark Energy as the gravitational fields generated by Fisher information metric from the probability distributions p and q of the entropies carried by their quanta, respectively.
1
3 . This term plays the role of a curvature term in the Hubble function with negative curvature k = −1. Its consistency with the curvature term in the Robertson-Walker metric then predicts positive present curvature density Ω c,0 which in turn places constraints on the cosmological parameters. In this work we test these predictions in fits to the Hubble data H(z) and angular diameter distance data d A (z). The fits confirm all predictions and allow us to identify the Model E with the analytical Model A of a Cyclic Universe developed independently in an earlier work. These results support our model of the quantum structure of the spacetime and identify it with the anti-de Sitter spacetime of the Cyclic Universe.
I. INTRODUCTION
The Universe consists of the Space and Matter. Einstein's General theory of relativity asserts that Space is gravitational fields [1] . In Part I of this work [2] we propose to identify Dark Energy and Dark Matter with the Space. The gravitational fields of Dark Energy and Dark Matter arise from the quantum structure of the spacetime.
In our model of the quantum spacetime [2] we identify the space quanta with two-qubit quantum states of massless gravitons with helicities | ± 2 >. All space quanta carry quantum information entropy S. All entangled quanta carry also entanglement entropy S E and form Dark Energy. All non-entangled quanta form Dark Matter. The average quantum state of Dark Energy is a special state ρ λ (t). It is described by the scale factor a(t) and carries entropy Σ λ (t).
In the absence of Baryonic matter Dark Matter and Dark Energy are described by the probability distributions p( x, t, S) and q( x, t, χ), respectively. Here S is the von Neumann entropy of Dark Matter states and χ = S +S E is the combined entropy of Dark Energy states [2] . Fisher information metric [2] generates from these distributions the gravitational fields h M V µν and h EV µν of the free Dark Matter and Dark Energy. In the presence of the Baryonic matter the distributions are displaced p → p ′ and q → q ′ . Fisher metric then defines the displaced fields h M B µν and h EB µν . In general, on galactic and cluster scales we expect a homogeneous Dark Energy with h EV µν ≈ 0 and h EB µν ≈ 0. The relations between the distribution functions and the gravitational fields of Dark Matter and Dark Energy given by the Fisher matric are called quantum duality relations. The quantum duality relations for the Baryonic matter relate the Baryonic gravitational field to their perturbations δp and δq of the free distributions p and q, respectively. The details of this quantum theory of the Space are presented in the Part I of this work [2] .
The space quanta are observable physical entities. They manifest themselves in a series of predictions for the Hubble function and are thus testable in Hubble data H(z) and in luminosity distance data d L (z) and angular diameter distance data d A (z). We present such tests in this Part II of our work.
In the Part I [2] we have constructed a general solution for the Hubble function from the joint dynamics of the Friedmann equations and the Euler equation of the Thermodynamics. Its general form reads The quantum theory of the Space is testable because it modifies the Hubble function (1.1) in two ways: (1) It predicts a specific form of the entropic terms Σ 0 (z) and Σ M (z) in terms of the entropy Σ λ (t) of the average quantum state ρ λ (t) of Dark Energy. ( 2) It predicts the existence of a new "residual" matter with the equation of state w r = − The new term (1.2) is akin to the spatial curvature term (1+z) 2 Ω c,0 arising from the RobertsonWalker metric. Since Hubble function is defined exclusively by the scale factor this term does not contribute to it. We can interpret the "residual" matter term as an "internal" curvature generated by the galactic dynamics of Dark Matter [2] . Since the Ω r,0 is positive the consistency with the "external" curvature then implies negative spatial curvature k = −1 of anti-de Sitter spacetime with Ω c,0 > 0. The predicted positivity of Ω c,0 implies two constraints on the cosmological parameters in terms of the ΛCDM Model [2] Ω M,0 + Ω r,0 > Ω M (ΛCDM ) (1.3)
The fits of the Model E to the Hubble Data H(z) and angular diameter distance data d A (z) are called Model E1.
In a related paper [3] we develop an analytical Model A of the Cyclic Universe with the scale factor a(z) determined at all redshifts 0 ≤ z ≤ z α where z α = z(t α = 0). The fits of the Model A to the Hubble data H(z) and angular diameter distance data d A (z) generate a new set of data AH(z) and Ad A (z) of the fitted values. The fits of the Model E to the data AH(z) and Ad A (z) are called Model E2.
Both Models E1 and E2 confirm the existence of the "residual" matter with equation of state w r = − 1 3 . Both Models E1 and E2 as well as the Model A confirm Ω c,0 > 0 and predict cosmological parameters that satisfy the constraints (1.3) and (1.4). The Model A has the overall best fits. The Model E2 agrees with the Model A at an astonishing χ 2 /dof = 0.0000056. This allows us to identify the Model E2 with the Model A to describe a Cyclic Universe with quantum structure of its anti-de Sitter spacetime.
The paper is organized as follows. In Section II we review briefly the Friedmann equations for a Cyclic Universe. In Section III we outline the analytical Model A of the Cyclic Universe [3] and use the Friedmann equations to calculate the cosmological parameters of the model. In Section IV we present the entropic Model E and the expressions for the entropic terms Σ 0 (z) and Σ M (z) in terms of the entropy Σ λ (z) of the Dark Energy average state ρ λ (t) derived in Part I [2] . These terms are absent in the non-entropic model L. In Section V we fit Model E and Model L to two sets of data H(z) and AH(z) which define the Models E1, L1 and E2, L2, respectively. In addition we fit Model A and the ΛCDM Model. We examine the fits with different values of the equation of state w m and Ω rad,0 . In Section VI we fit the best fits from the Section V again to two sets of data d A (z) and AdA(z) to determine their predicted values of the curvature density Ω c,0 . In Section VII we use the Friedmann equations to determine the exact entropic terms Σ 0 and Σ M in the Model A at all z. Since the Model A and Model E2 coincide in the linear approximation of the entropic terms we identify the Model E2 with Model A at all z. We discuss aspects of the Cyclic Universe with anti-de Sitter spacetime in the Section VIII. In Section IX we describe time evolution of the spatial curvature density and illustrate it with Model A. The paper closes with our conclusions and the outlook in the Section X and an Appendix.
II. FRIEDMANN EQUATIONS OF THE CYCLIC UNIVERSE
We assume a homogeneous and isotropic spacetime with Robertson-Walker (RW) metric. In the cartesian coordinates it is given by [4, 5] 
where R 0 is the curvature parameter and k = −1, 0, +1 stands for open, flat and closed geometry. For a homogeneous and isotropic cosmic fluid with energy density ρ and pressure p Friedmann equations have the form
Here ρ Λ and p Λ = −ρ Λ are the energy density and pressure of the cosmological constant. ρ c and p c = − 1 3 ρ c are the energy density and pressure of the curvature [5] . These two energy densities are given by
where Λ is the cosmological constant. The Hubble function is defined in terms of the scale factor
The cyclic scale factor is a complex wave function with a period T so that a(t + T ) = a(t). During the expansion phase H(t) > 0, during the contraction H(t) < 0. At the turning points t α = 0 and t ω = T /2 of the expanding Universe the scale factor a(t α ) = a min > 0 and a(t ω ) = a max < ∞. Consequently
The contraction phase ends at the turning point t 2α = T with the scale factor a(t 2α ) = a min and H(t 2α ) = 0. Since H(t) is a cyclic function the combinations
are the cyclic energy density and the cyclic pressure. The Friedmann equations for the Cyclic Universe then readρ
whereρ andp satisfy the continuity equation
Notice that H(t) does not depend on the curvature parameter R 0 and therefore on ρ c and p c .
III. ANALYTICAL MODEL A OF THE CYCLIC UNIVERSE.

A. The Hubble functions H(t) and H(z) of the Model A
In a recent work [3] we have constructed several analytical versions of a cyclic scale factor a(t) which define an explicit analytical form of the Hubble functions H(t) and H(z). A version called Model A has the best χ 2 fit to the Hubble data H(z). For z ≪ z α = z(t α ) the function H(z) reads
where D = 1 − CF n 0 . We work with the fit labeled A.01m with fitted parameters F 0 , n, C F 0 = 0.490581, n = 0.284589, C = 0.527679 a 0 = 1.434732, a ω = 6.834258,ā 0 = 0.209932 (3.2) where a 0 = a(t 0 ), a ω = a(t ω ),ā(t 0 ) = a 0 /a ω are predicted values and t 0 is the present time. The Hubble parameter H 0 = 67.81 km/sMpc is from the Planck CMB measurement [15] . In the Model A the scale factor a(t) is given by
where F = 1 + p 2 − 2p cos φ. The Hubble function is given by (2.5) and reads at all times t
where Ω = 0.0518535 radGyr −1 is the angular frequency and φ = Ωt is the phase. Parameter p = 1 − δ where δ = 3.5736x10 −56 is determined by the Planck temperature [3] . Time period
Gyr is the time of one complete cycle of the expansion and contraction of the Universe.
B. Energy density of Dark Energy and Dark Matter in terms of deceleration parameter
Deceleration parameter q(t) or q(z) is closely related to the Hubble function H(t) or H(z), respectively, by the relations
With normalized and unnormalized fractional energy densities Ω k andΩ k defined, respectively, by
for k = 0, M, m, rad the Friedmann equations (2.8) and (2.9) take the form for all z (or for all t)
where w is equation of state inp = wρ. We have used these relations to verify the correctnes of our fitting computer programs. Solving (3.8) for Ω 0 and Ω M we have Analytical forms of q(t) for all t and q(z) for all z as well as for z ≪ z α for the Model A are given and discussed in detail in [3] . Given Ω m and Ω rad the equations (3.9) determine analytically for all t and all z Dark Energy Ω 0 and Dark Matter Ω M (in Ref. [3] ) and their entropic terms Σ 0 and Σ M (in Section VII). With the fitted value of q 0 = q(t 0 ) = −0.2912 and assuming Ω r,0 = Ω m,0 = 0.0484 [16] and Ω rad,0 = 0.0055 the relations (3.8) Similarly to (3.7) for the components k = 0, M, m, rad we can define fractional densities Ω(z), Ω c (z) and Ω Λ (z) corresponding to the densities ρ(t), ρ c (t) and ρ Λ = const in (2.2). Then the energy fraction Ω(z) = 1 − Ω c (z) − Ω Λ (z). While we can determine with our Models Ω c (z) from astrophysical data we cannot do so for Ω Λ,0 . The energy density of the cosmic fluid ρ(t) is then determined up to the unknown constant Ω Λ,0 .
IV. QUANTUM MODEL OF THE ENTROPIC HUBBLE FUNCTION
The Hubble function in the Entropic theory introduced in the Part I of this work [2] reads 
The entropy S 0 (t) is a functional S 0 (Σ λ (t)) of the entropy Σ λ (t) of the average quantum state ρ λ (t) of Dark Energy. The entropies S 0 (t) + S M (t) = S ′ = const so that
dz . In the Part I of this work [2] we evaluate these derivatives in the linear approximation of Σ λ (t) which allows us to calculate the integrals (4.2) and (4.3) and express both entropic terms as specific functions of z. These expressions are a specific prediction of our quantum model of spacetime and define the quantum model of the Hubble function. The Entropic Models E are then defined by the expressions forΩ 0 (z) andΩ M (z)
where A T and B T are free parameters. The explicit forms of the entropic integrals Σ k,A and Σ k,B ,
We have verified numerically that these integrals satisfy the condition from the conservation of the entropy
The parameterā 0 comes from the Model A and is given in (3.2). The Non-Entropic Models L are defined by A T = B T = 0. With the entropic terms Σ 0 (z) and Σ M (z) absent the Non-Entropic Hubble function has a formal structure akin to ΛCDM model. However the Dark Energy term Ω 0,0 does not have the meaning of the cosmological constant.
V. HUBBLE DATA ANALYSIS AND THE RESULTS
The most recent measured values of the Hubble parameter used in our fits are from Ref. [6] Ref. [14] and are tabulated in the Table VI in the Appendix A in our previous work [3] . Our objectives are to fit the Entropic Model E and the Non-Entropic Model L to the Hubble data as well as to the Model A to see how close these models are to the cyclic model. The details of the fit of Model A to Hubble data are given in Ref. [3] where the Table VI also lists the fitted values and errors of the Hubble function of the Model A which represent the Model A. We shall refer to these values as the Hubble data AH(z). The remarkable feature of this data are the very small errors. The input value of H 0 was fixed at H 0 = 67.81 kms −1 Mpc −1 [15] . We recover this value from the predictions for H(z = 0) from all fitted models of H(z).
We shall refer to Entropic and Non-Entropic fits of H(z) data as Models E1 and L1. The corresponding fits to the AH(z) data are referred to as Models E2 and L2.
The present atomic matter energy density Ω m,0 and the radiation energy density Ω rad,0 = Ω γ,0 + Ω ν,0 will not be fitted but will be kept at fixed best estimated values. We take Ω m,0 = 0.0484 and the photon Ω γ,0 = 5.38 × 10 −5 determined from the measurements of the Cosmic Microwave Background [16] . The latest estimate of the neutrino background is at Ω ν,0 < 0.0160 (CMB) and Ω ν,0 ≥ 0.0012 (mixing) [16] . The previous estimate was at Ω ν,0 ≤ 0.0050 [17] .
In our first study we examine the dependence of the Entropic and Non-Entropic models on select fixed input values of Ω rad,0 at fixed w m = 0. In our second study we examine the dependence of the Models E1 and E2 on select fixed input values of the parameter w m at fixed Ω rad,0 = 0.0055 corresponding to the best fit of the Model E2 at w m = 0. In all our fits we have verified that the two conditions (3.9) are satisfied exactly at all values of z confirming the equations of state To select the best model we compared the four models in all runs using the values of
where N is the number of data points and k the number of fitted parameters, and the confidence level CL% = exp(− 1 2 χ 2 /dof )100.0. In addition we calculated the values of the Akaike and Baysian information criteria, AIC and BIC. These are defined as [18] [19] [20] 
The larger is the difference with respect to the model that carries smaller value of AIC (BIC), the higher is the evidence against the model with larger value of AIC (BIC).
The results of the first study are shown in the Table I for the Models E1 and E2, and in the  Table II for the Models L1 and L2. The values of Ω rad,0 range from the lower limit 0.00126 to the near average value 0.00825. For the comparison we include the value Ω rad,0 = 0.000. We find that the fits to both H(z) and AH(z) data are sensitive to the values of Ω rad,0 . The overall best fit of the Models E1 and E2 by χ 2 /dof and all information criteria is for the lower limit of Ω rad,0 = 0.00126 for the Model E1 and for Ω rad,0 = 0.0055 for the Model E2. The overall best fit of both Models L1 and L2 by χ 2 /dof and all informaition criteria is for the unphysical value Ω rad,0 = 0.000. This suggests that these models are unphysical. The results of the second study are shown in the Table III for Table III presents also the results of fits to the H(z) data for the ΛCDM Model and the Model A. The unphysical Model L1 with Ω rad,0 = 0.000 has a better χ 2 /dof and all information criteria than ΛCDM Model but it is excluded by the comparisons with Models A, E1 and E2. The Model L2 is excluded because of the very large values of χ 2 /dof , AIC and BIC.
The fit of the Model A with χ 2 /dof = 0.5205 is substatially better than the fit of the ΛCDM Model with χ 2 /dof = 0.7680. With χ 2 /dof ∼ 0.5205 all the fits of the Model E1 are very close to the Model A with the closest fit being for Ω rad,0 = 0.00126. With astonishing small values of χ 2 /dof all fits of the Model E2 to the AH(z) data are nearly identical to the Model A with the closest fit being for Ω rad,0 = 0.0055 and χ 2 /dof = 0.0000057. Figure 1 shows the best fits of the Model A and the Models E1 and E2 to the Hubble data H(z). Figure 2 shows the predictions of the models for the deceleration parameter q(z). All models predict late time deceleration-acceleration transitions. The Table V shows the predictions for present value of the acceleration parameter q 0 and the values of the redshift z da at which the transitions occur corresponding to q da = 0. The results for w m = − Our Model A of the Cyclic Universe has the best overall fit to the Hubble data. The results presented in the Table III and in the Figures 1 and 2 indicate that the Entropic Models E1 and especially the Model E2 are nearly identical to the Model A. Therefore they represent the Cyclic Universe and validate the quantum information model of the Dark Energy and Dark Matter as the quantum structure of the spacetime. To complete our description of the spacetime of the Cyclic Universe we shall use the Hubble functions of these models to determine the spatial curvature.
VI. ANALYSIS OF ANGULAR DIAMETER DISTANCE DATA AND THE RESULTS
A. Etherington relation
Because the definition of the Hubble parameter involves only the scale factor and not the curvature parameter R 0 in the RW metric, the curvature term is absent in the Friedmann equations (2.8) and (2.9) and in the relations (3.9). We can still define Ω c (t) = ρ c (t)/ρ(t) so that
where a 0 = a(t 0 ). We determine the Hubble function of Entropic and Non-Entropic Models by fitting Hubble data H(z). With these fitted models we can determine Ω c,0 by fitting the luminosity distance data d L (z) or angular diameter distance data d A (z) using the equations [5] 
where S k (χ) = sin(χ), χ, sinh(χ) apply to closed, flat and open geometry with k = +1, 0, −1, respectively. The luminosity distance relation (6.2) is a direct consequence of the homogeneity and isotropy of the spacetime [5] . The angular diameter distance relation (6.3) is called Etherington relation, or cosmic distace-duality relation. It follows from the so called reciprocity relations proved by Etherington in 1933 [21] under three fundamental assumptions [22] : (1) spacetime is described by a Riemannian metric theory of gravity (2) the source and observer are connected by unique null geodesics (3) the emitted number of photons is conserved. The validity of the Etherington relation was recently probed by several groups [22] [23] [24] [25] [26] [27] [28] [29] [30] . Deviations from (6.3) are described by a parameter
Etherington relation requires η(z) ≡ 1. The condition (3) can be violated by non-conservation of the photon number by any source of attenuation, e.g. by interstellar dust, gas or plasme or by interactions with exotic particles. The condition (1) could be violated by various variants of modified gravity or by a violation of the Equivalence Principle [22, 24, 31] . Within the General relativity the Etherington relation could be also violated by the anisotropy of the universe [28] . With Taylor expansions of S k (χ) and the integral in χ
we get to the fifth order
dz m are given by the derivatives of H(z) at z = 0. With F 1 = 1
Numerical values of the parameters F k , k = 1, 5 for the fitted models are presented in the Table  XII in the Appendix B.
B. Data analysis and results
It is evident from the relation (6.2) that the determination of Ω c,0 from d A (z) data depends crucially on the assumed Hubble function. Since the Hubble functions of the Models A, E1 and E2 differ considerably from the Hubble function of the ΛCDM Model, we do not expect a flat Universe so typical for the ΛCDM Model. However we do expect the results for the Models E1 and E2 to be similar to the Model A.
Several parametrizations of η(z) were introduced in the literature: 25, 26] and others [26] [27] [28] . Parameter ǫ is referred to as opacity. We shall use the form
For small ǫ and η ′ 0 we recover the forms of Ref. [27, 30] and Ref. [25, 26] with η 0 = −ǫ and η 0 = −η ′ 0 , respectively. We shall work with a rescaled angular diameter distance d A (z, η 0 )
where d A,obs (z) are the measured data. The measured data from Ref.
[32]-Ref. [35] and the rescaled data are presented in the Table XI in the Appendix A. In addition we work also with data Ad A (z, η 0 ) , and by models L1 and L2 with w m = 0. The data Ad A (z, η 0 ) were fitted by the Models E2 and L2. To calculate the curvature parameter R 0 from (6.1) we used the present value of the scale parameter from the Model A a 0 = a(t 0 ) = 1.434732 [3] for all fitted models. The results for Ω c,0 and R 0 are shown in the Tables  VI and VII. Our initial fits assumed no rescaling with η 0 = 0. The Table VI shows that in this case it is the Models L1 and L2 which are compatible with a flat spacetime with Ω c,0 = 0 and not the ΛCDM Model which has a large curvature parameter Ω c,0 = 0.227914. Since Ω c,0 (ΛCDM)=0 has been reliably determined by the luminosity distance data and CMB data [15] we need to rescale the d A,obs (z) data. We found that with η 0 = 0.0150 we obtain Ω c,0 (ΛCDM)=0.004000±0.265989 which is compatible with zero. The large errors are in agreement with recent analysis of the H(z) and BAO data [36] . All models were then refitted to the rescaled data with this η 0 . Our value for η 0 is in excellent agreement with the very recent model independent test of the Etherington relation (6.11) which yields η 0 = 0.0147
+0.056
−0.066 [37] . The results in the Table VI show that both fits share certain systematic patterns. For both η 0 all models have a very similar χ 2 /dof . Still, Model E2 with w r = − 1 3 has the best CL%,followed closely by Model E2 with w r = 0 and Model A. The ΛCDM Model has appreciably lower CL% than Model A, but still higher than the Models L1 and L2. The results with w m = 0 and − Table VII show that Model E2 is nearly identical to the Model A. Importantly, this study shows that the entropic models share similar large value of curvature density Ω c,0 in agreement with recent analysis [27] .
The angular diameter distance data confirm the positivity of the curvature density Ω c,0 and the validity of the constraints (1.3) and (1.4) on the cosmological parameters. Together with the analysis of the Hubble data these results indicate that the Entropic Models E1 and E2 represent the Cyclic Universe and validate the quantum information model of Dark Energy and Dark Matter as the quantum structure of the spacetime. However the analysis adds new information: the spacetime is an open anti-de Sitter spacetime.
VII. PAST AND FUTURE EVOLUTION OF THE CYCLIC UNIVERSE.
The central result of the Friedmann equations supplemented by the Laws of Thermodynamics is the universal entropic form (1.1) of the Hubble function which predicts the existence of dynamical Dark Energy and dynamical Dark Matter with equations of state w 0 = −1 and w M = 0, respectively, at all z and all times t. The Hubble function H(A) of the Model A is constructed to describe a Cyclic Universe and it should be identified with its equivalent entropic form of Model E so that
H(E) ≡ H(A).
We have seen that the fits of Model E to the Model A (called Model E2) at z = 0 − 2.34 render Model E2 essentially identical to the Model A. These fits assume an approximation to the entropic terms Σ 0 (z) and Σ M (z) based on our model of Dark Energy and Dark Matter as the quantum spacetime. For z > ∼ 2.5 the fits begin to deviate slightly from the Model A, indicating the limits of the approximation. However, we can identify the Model E2 with Model A at all z and all t and use Friedmann equations to calculate the entropic terms beyond this approximation. This is possible since we know the Hubble function of the Model A as a function of the redshift z as well as a function of the cosmic time t, and since we know all non-entropic terms of the Hubble function of the Model E2 from the fits at z = 0 − 2.34.
The Hubble function H(z) is given by (3.1). The Hubble function H(t) is given by (3.4). With the Hubble functions known we can calculate the deceleration parameters q(z) and q(t). From the Friedmann equations (3.8) we then determine Ω 0 (z) and Ω M (z), and similarly Ω 0 (t) and Ω M (t). Given by (3.9), we can split these fractional energy densities into non-entropic and entropic terms
a(t) = 1 + z for the z-dependence and a(t) = F n (t) 1−CF n (t) for the cosmic time dependence [3] . The non-entropic terms Ω 00 and Ω M 0 are known from the fit E2 and the entropic terms Ω 0S (Σ 0 ) and Ω M S (Σ M ) can be determined from (7.1). The results for the past evolution (z-dependence) and for the future evolution (t-dependence) of Ω 0 and Ω M are presented, discussed and compared 
The exact values of Ω 0,0 and Ω M,0 in the Model A are shown and compared with the fits of the Model E2 in the Table VIII for w m = 0 and w m = − We have arrived at the entropic form (1.1) for the Model A: the non-entropic terms Ω 0,0 and Ω M,0 are given by (7.2) and the entropic terms Σ 0 and Σ M by (7.1). The atomic matter/"residual" mass terms and the radiation terms are the same as in Model E2. We identify the exact (no approximation) Entropic Model E2 with the Model A at all z and at all t using the relations (7.1). The exact entropic terms Σ 0 and Σ M in (7.1) satisfy the relation
as the result of the conservation of the entropy of Dark Energy and Dark Matter S 0 (t) + S M (t) = S ′ = const.
VIII. WHAT IS THE CYCLIC UNIVERSE WITH ANTI-DE SITTER SPACETIME?
A. The quantum origin of the spatial curvature
The average Ω c,0 of the Model A and all entropic models in the Table VI Since the Cyclic Model A and the entropic models all have significantly better fits to the Hubble data and even to the angular diameter distance data than the ΛCDM Model we must seriously consider the possibility that the space has a negative space curvature k = −1. This is a hyperbolic topology on an infinite 3-dimensional space with a curvature parameter R 0 which defines an infinite 3+1 dimensional anti-de Sitter (AdS) spacetime. This raises an important question: is there a connection between the curvature parameter R 0 and the quantum structure of the spacetime?
We view the fits of the Hubble functions to the rescaled data with η 0 = 0.0150 as the physical solutions. The ΛCDM Model has Hubble function H 2 (ΛCDM) with no entropic terms and has Ω c,0 = 0. The entropic Models E1 and E2 have Hubble functions H 2 (E) with entropic terms and have a large Ω c,0 (E) > 0. We can write H 2 (E)=H 2 (ΛCDM)+∆H 2 (E) where
where we assume Ω rad,0 (E) = Ω rad,0 (ΛCDM ). The entropic terms Σ 0 (z) and (1 + z) 3 Σ M (z) are determined by our entropic model of the quantum spacetime by the relations (4.6)-(4.9). While these terms vanish at z = 0 their derivatives at z = 0 are all non-zero with significant values. The parameters Ω 0,0 (E) and Ω M,0 (E) are also determined by Σ 0 (z) and (1 + z) 3 Σ M (z) in the fits to Hubble data and have sigificant derivatives at z = 0. To see the role of these derivatives we express the derivatives According to the Standard Model, the expanding spacetime of the Universe started with a point-like singularity some 13.81 Gyr ago. The spacetime may continue to expand forever, may break down or collapse on itself in a Big Crunch. Cyclic models suggest that the Universe starts with a very small finite volume V i of the space and expands to a maximum volume V f when it turns to a contraction back to the initial volume.
To reconcile the idea of an expanding finite 3-dimensional space with the evidence for an infinite 3-dimensional space with curvature we identify the expanding volume V (t) of the Cyclic Universe with the proper volume
where V is a finite comoving volume. It follows thaṫ
so that the volume is a periodic function given by
The cyclic evolution is thus free of initial and final state singularities.
We imagine the infinite comoving space as a lattice where each cell has the same comoving volume V. Irrespective of its shape, this universal volume is given by the curvature parameter V = R 3 0 . We define a proper extent of the Cyclic Universe by R(t) = (V (t))
relates the proper extent to the redshift. The expansion velocity of the Universe is given by dR/dt = H(t)R(t). The proper extent and the expansion velocity are observable in the Model A where we know the scale factor a(t) and the Hubble function H(t) [3] as well as R 0 . The initial, present and final proper extent and expansion velocity of the observable Universe in the Model A are summarized in the Table X . For a more detailed numerical analysis of the evolution of a(t), R(t), dR/dt as well as pressurep(t) and curvature Ω c (t) see Ref. [3] . At every point of the infinite space the Robertson-Walker metric is the same with the same value of the periodic scale factor a(t) with a period T , and with the same R 0 . At any time t the scale factor describes the instantaneous state of the evolution of the entire anti-de Sitter spacetime. The state of the evolution at time t is the same at every point of the space as the entire infinite space moves along the time axis. The proposed lattice structure of the cyclic Anti-de Sitter spacetime forms a kind of Cyclic Lattice Multiverse with each cell being a Cyclic Universe. This picture is somewhat akin to the Many Worlds Hypothesis of the Quantum Mechanics.
For the flat spacetime R 0 = ∞ so that V = ∞. As the result all entropic terms With proper coordinates x i p (t) = a(t)x i the Robertson-Walker metric (1.1) takes the form at the present time
The curvature introduces deviations from the Minkowski metric η µν = diag(−1. + 1, +1, +1) which violate Lorentz symmetry. The degree of the violation ξ =
depends on the scale of the proper distance from the origin where the observer is located.
In the Model A R 0 = 11.0187 Glyr = 3, 380.33 Mpc for η = 0.0150. Assuming a scale of 10kpc for a typical galaxy we find ξ = 0.87518x10 −11 which is not detectable. For a galaxy cluster at a scale of 1Mpc ξ = 0.87518x10 −7 . At a large scale of 100Mpc ξ = 0.87518x10 −3 which could be an observable effect. At very large scales of 1000Mpc ξ = 0.87518x10 −1 and the violation of Lorentz symmetry will be observable. In the Model A 1000Mpc correspond to z=0.33489. These are the scales at which the angular diameter distance was measured and the Etherington relation η = 1 was violated. This suggests that the correction factor η 0 = 0.0150 is a signal of the violation of the Lorentz invariance at large scales.
Our physical theories are local theories that assume locally flat Minkowski spacetime in agreement with the Equivalence Principle of the General relativity. They apply to the entire Universe only for the flat spacetime with infinite R 0 . With finite curvature factor they must be generalized to theories in a curved spacetime. Anti-de Sitter relativity theory was recently formulated by Cotȃescu [38] .
In General relativity, time is part of the coordinate system and in general depends on the position. Then, globally, energy is not generally conserved. The Laws of Thermodynamics like General relativity apply to physical systems of any scale. Since the Cyclic Universe is a closed system in an equilibrium, its total internal energy U must be conserved during every cycle of its evolution. With dU = −pdV = −3HpV dt a total differential we then require
The condition (8.10) is satisfied by the Cyclic Universe. With H(T − t) = H(−t) = −H(t), p(T −t) = +p(t) (eq.(2.10)) and V (T −t) = V (t) (eq. (8.7) ) the term W 0→
T 2 during the expansion is exactly balanced by W T 2 →T during the contraction. This is a non-local form of energy conservation imposed by the cyclic evolution on the Friedmann continuity equation (2.10) , and therefore on the Friedmann equations (2.8) and (2.9) themselves.
Technically, finite R 0 implies extremally small violations of the Equivalence Principle and therefore energy conservation even on the local level. For scales of 1m ξ = 0.91893x10 −52 . At the proton scale 10 −15 m ξ = 0.918993x10 −82 . Such extremally small degrees of violation have no immediately observable effects. Although small, over long times and across the entire Universe such effects could accumulate and affect the dynamics of the Cyclic Universe. Of particular concern is the cumulative violation of the conservation of energy in particle scattering processes such as the nucleosynthesis processes in the stars and in the early Universe. The self-consistency of the Cyclic Universe therefore requires that any such cumulative effects balance out over each evolution cycle.
IX. EVOLUTION OF THE SPATIAL CURVATURE DENSITY Ω c (t).
Using the equation (2.3) we define a fractional curvature energy density
The curvature parameter R 0 is a pure geometrical concept that describes the Robertson-Walker metric. Theoretically, it is completely independent of the scale factor and the Hubble function.
Since it enters the Friedmann equations it is cosmologically important. Recently several methods were discussed to determine the present value of the curvature density Ω c,0 by pure geometrical methods [39, 40] which would determine R 0 given the measurements of H 0 and a 0 . We shall presume that we know the curvature parameter R 0 from Ω c,0 determined by the fits of H(z) to the luminosity distance or angular diameter distance data. When we know the scale factor a(t) and the Hubble function H(t) we can calculate from (9.1) the curvature density ρ c (t) and the fractional curvature density Ω c (t). Let us suppose a static Ω c (t) = const = 0. Then R 0 is finite and a(t)H(t) = const. Taking a derivative of this equation we find that the deceleration parameter q(t) = 0 at all times t. A vanishing static Ω c (t) = const ≡ 0 requires R 0 = ∞ and allows for an evolving q(t) = 0.
Various cosmological observations indicate that the expansion of the Universe is accelerating at the present time. The acceleration of the Universe expansion means that either the curvature density Ω c (t) is dynamic and evolves with the cosmic time t (and thus with the redshift z), or it is static and vanishing. Anti-de Sitter spacetime and the flat spacetime are both infinite spacetimes but differ in the value of R 0 : while R 0 is finite in the first it is infinite in the second spacetime.
It is interesting to note that the rate of change of Ω c is given by
At the extrema the deceleration parameter q(t) = 0 and
so that the kind of the extremum of Ω c is controlled by the sign of dq dt at this point. Integrating (9.2) from an initial time t i to the time t we find the evolution equation
Let t i be the transition point from the decelerating to the accelerating expasion. With q(t) increaingly negative the equation (9.4) imples a decreasing Ω c (t) for k = −1. In the Model A we know the scale factor and the Hubble function in terms of the phase φ(t) = Ωt so we can calculate the evolution of Ω c over the entire period of the expansion from φ = 0 to φ = 180 • . In the Figure 8 we trace the evolution of Ω c (t) over the time of the expansion. The 
X. CONCLUSIONS AND OUTLOOK
We identify Dark Energy and Dark Matter with the Space. General theory of relativity asserts that Space is gravitational fields [1] . The gravitational fields of Dark Energy and Dark Matter arise from a specific model of the quantum structure of the spacetime. This quantum structure of the spacetime is observable because it modifies the Hubble function relative to the ΛCDM Model −0.066 [37] . It is interesting to compare our results for Ω c,0 with a recent analysis [27] . These authors find that the best fit of Ω c,0 correlates with H 0 and the opacity ǫ. The fits of the Model E to the analytical Model A (data AH(z)) of the Cyclic Universe developed in a related paper [3] confirm the equivalence of the two models with an astonishing χ 2 /dof = 0.0000057 in the range of the Hubble data 0 ≤ z ≤ 2.34. In the Section VII we examine the range of the applicability of the linear approximation used in the derivation of relations (4.6)-(4.9). Friedmann equations (7.1) allow us to determine the exact terms Σ 0 (z) and Σ M (z) in the Model A for any z which we then compare with the calculations of these terms in the Model E2 extended beyond the limit of z = 2.34. We find that the linear approximation works well for z < 20 but rapidly breaks down for z > 20. We identify the exact Model E with the Model A at all z and all times t and formulate the entropic form (1.1) for the Model A. We conclude that the Model A and the Model E represent the same Cyclic Universe with negative curvature and quantum structure of the spacetime.
In the Section VIII we show that the curvature parameter R 0 arises from the entropic terms Σ 0 and Σ M in the fits to the data d A (z) and therefore originates in the quantum structure of the spacetime. We assume that the comoving volume of our Universe is finite and given by V = R 3 0 . The proper volume V (t) = a(t) 3 V = R(t) 3 represents our observable Cyclic Universe. The spatial extent of the Universe in Model A is illustrated in the Table X and in a more detail in the Table IV of Ref. [3] . The curvature parameter R 0 thus has a deep cosmological meaning: it connects the quantum structure of the spacetime with the "size" of the Cyclic Universe V (t).
We propose that the infinite anti-de Sitter spacetime has a macroscopic lattice structure with each cell of comoving volume V = R 3 0 corresponding to a Cyclic Universe within a Cyclic Multiverse. The curvature parameter R 0 thus determines also the structure of the Cyclic Multiverse.
In Section VIII we point out that the anti-de Sitter geometry leads to an increasingly larger violation of the Lorentz symmetry at increasing scales d > 100 Mpc due to the finite value of R 0 = 11.0187 Gyr in the Model A. The violation of the Lorentz symmetry is observable at 1000Mpc (z = 0.33489) and manifests itself in the violation of the Etherington relation. With R 0 arising from the Dark Energy and Dark Matter terms Σ 0 and Σ M , the ultimate origin of the Lorentz symmetry violation is the quantum structure of the spacetime.
In general, the spatial curvatre density Ω c (t) is not a static but a dynamic observable. We describe its time dependence in the Section IX and illustrate it with the Model A. The early Universe is deeply flat and evolves into the anti-de Sitter spacetime at later times in the Model A. There is no Standard Model inflation in the Model A.
In ΛCDM Model the spatial curvature density is static and Ω c (t) ≡ 0 because there are no entropic terms Σ 0 and Σ M in this model. Since the curvature parameter R 0 = ∞ there is no violation of the Lorentz symmetry at large scales in this Model. To explain the flat geometry at the early Universe the ΛCDM Model requires the assumption of the Inflation Model.
The [44, 45] and Square Kilometer Array [46] will significantly contribute to our understanding of Dark Energy and Dark Matter. Based on the fundamental theories of General relativity, Thermodynamics and Quantum information theory, and confirmed by the Hubble and angular diameter distance data, the cosmology of the Cyclic Universe with quantum structure of spacetime can be a useful participant in the analysis of these observations. 
